Introduction
Due to increase trend all over the world to utilize the material up to extreme levels in all the fields, various methods has been developed and successfully applied. Similarly, Improvement of material surface now a day is an integral part of industrial operations, mechanical and metallurgical properties of material has to be improved i.e. fatigue strength, toughness and corrosion resistance for long life of material. Light amplification by simulation emission (LASER) is used for many manufacturing process such as laser drilling, laser cutting and laser welding. For modify the material surface properties laser peening technique is used. Laser peening is the new surface alteration technique, which is the beneficial alternative of shot peening method [1] . Laser peening is used in aerospace and automotive industries [2] .LSP is surface modification technique has been in existence for over last [25] [26] [27] [28] [29] [30] years. In laser shock, peening process laser in pulse mode is use to strike over the material surface, which creates plasma, and produce the shock waves due to that compressive residue stresses are formed in the material surface for some depth. LSP is more flexible process used to modify variety of material such as tough metals, soft metals etc.LSP produce residual stress 3-4 times deeper as achieved in shot peening process and surface finish is higher than SP.
A. Laser peening with coating:-
The key phenomenon behind the laser peening is that high energy laser in pulse mode for small duration is impacted over the material surface which is cover with a ablative absorbent layer which get evaporate under the action of high energy laser beam and the plasma is created at that point which is trapped by a transparent layer such as water, which raise the pressure at that spot so that shock waves are produced when the pressure of shock waves is exceed the hugoniot elastic limit of material, the plastic distortion take placed due to that compressive residual stresses are produced in material surface as shown in fig. 1 . Hong et al. stated that black paint layer absorb almost 100% of laser energy [3] . 
II. Literature Review
M. Obata et al [11] optimized the process parameters of laser peening by appraising the compressive residual stress in material interior and at surface of cold worked stainless steel 304 and stated that for maximum compressive residual stress spot size (Ds) 0.8 mm, pulse number density (Np) 3600 pulse . cm -2 and pulse energy (Ep) 200Mj are most suitable .It was concluded that for 20% cold worked stain less steel there is stress improvement in material, practically compressive stress layer of over 1mm is formed, there is no effect of material strength over the compressive stress depth profile and the compressive residual stress produce by laser peening reduce the corrosion cracking due to stress, occurrent in corrosive high temperature water as shown in fig 2. Y.X. Hu et al [12] investigated by using finite element method analysis that the overlapping laser shock increased the compressive residual stress in material produced by shock waves while using laser shock peening technique for modify the surface properties of material and it has no effect on the plastically affected depth . The overlapping impact sequence has great effect on affected zone or residual stress zone and to obtain the homogenous residual stress field, diminished the occurrence of "residual stress hole" by impacting the key area first. The overlapping rate has influence over the compressive residual stress, the 25% overlapping rate increased the residual stress by 25.5%, 50% overlapping rate increased the residual stress by 34.8% and 75% overlapping rate increased the stress by 40.2 as shown in Fig. 3 Fig. 3 FEM simulation of residual stresses induced by different overlapping rates alongx-axis on top surface [12] Qiao Hongchao et al [13] stated that surface roughness of TiAl alloy which is treated by laser shock peening at 1064 wavelength, 0-10 pulse energy , 18 ns pulse duration and 2 Hz frequency, increased by increasing pulse energy and peening times as shown in Fig. 4 . The micro hardness of Ti-Al alloy improved by increasing the pulse energy, because plastic deformation, fine grains and high density dislocation are produced on the surface of material due to high shock waves but the impact of shock waves are gradually reduce along the depth of surface so that micro hardness of alloy is decreased gradually towards depth of material from surface as shown in Fig. 5 Fig. 4 Effect of surface roughness on pulse energy [13] Fig. 5 Micro-hardness distribution on cross-section [13] The compressive residual stress are also improved by increasing the pulse energy because the fine grain , new grain boundaries and dislocation are formed due to high shock energy .compressive stress increased from 15MPa to 337MPa after laser peening, the pulse energy and residual stresshas same relation as relationship between micro hardness and pulse energy. They also states that the compressive residual stress, micro hardness, and microstructure formed by LSP method has higher stability.
Michael r. Hill et al [14] investigated the behavior of residual stress towards the depth of 20 mm thick alloy 22 (UNS N06022) square plate which was treat by laser shock peening process with the multiple peening layers (2, 4, 10 and 20) at 25ns pulse duration and 120µm thick ablative layer was used, they also investigated the identical depth for all peening layers at which residual stress are equal to 20% yield strength of material. It was concluded that the identical depth at 20% yield strength are same for all samples except the two layers of peening as shown in Fig.6 . They also investigated the behavior of residual stress produced in alloy 22 plates, join with double v grooved GTAW weld which also treated with laser peening process and compare with non treated joint. It was concluded that near the surface all residual stress are tensile or zero for non treated specimen(as welded) and near equal -300MPa for laser treated specimen. A uniform deep layer of compressive stress is formed in treated region. Yoshihiro Sakino et al [15] examined the effect of pulse energy on residual stress induced in SM400 and HT780 which were treated by laser peening using Nd:TAG under the conditions shown in table 1.It was concluded that when the energy of pulse was decreased the surface residual stress and maximum compressive stress produced in SM400 were same as produced in SM400 with 200 mJ pulse energy shown in Fig.7 (a) & (b).In case of HT780 by reduction in pulse energy the residual stress were also reduce in both directions longitudinal and normal, but at the low pulse energy there were large amount of compressive residual stress in material as shown in Fig. 7 (a)&(b).They also considered the effect of pulse energy on fatigue life and concluded that by reducing pulse energy fatigue life of material is also reduce respectively. R. Sundar et al [17] observed that black PVC tape was more effective sacrificial tape instead of adhesive backed tapes and green PVC tape. It was also investigated that use of black polyvinyl chloride tape instead of black paint as adherent sacrificial coating while laser peening treatment on different material provide less rough surface. Three different materials Ti6Al4V alloy, SAE 9260 spring steel and DIN X20Cr13 martensitic stainless steel were treated with laser shock peening process by using blank paint and black PVC tape. It was concluded that by using black PVC tape there was no melting of material surface and the surface was more smooth rather than surface obtained by using black paint. There was no change in surface roughness during LSP with black PVC tape, and deeper compressive residual stress layers were formed in material rather than with black paint. Black PVC tape was more commercial and easily available; it facilitates the quick application and reduces the overall processing time.
Tang yaxin et al [18] investigated the effect of laser peening treatment on the aluminum alloy 2024-T62 and used polyvinylidene fluoride (PVDF) transducer to measure the stress waves induced in material surface during LSP. A Q-switched Nd: glass with 1.06µm wavelength and pulse duration of 30 ns was used in LSP and induced peak pressure was 1.2-2.2 GPa which was higher than the Hugoniot Elastic Limit of 2024-T62 of 0.53 GPa. It was concluded that when the higher power density LSP with short duration was used the peak pressure was more than the hugoniot elastic limit of material as a result of that the fatigue strength and the fatigue life of material was increased by 4.5 to 9.8 times than that of un-shocked material surface. LSP results in surface hardness increased the compressive strength and dislocation density of residual stresses layers.
Sanja Petronic et al [19] investigated the effect of picoseconds laser shock peening on the microstructure of super alloy Nimonic263 at wavelength of 1064nm and 532nm,the various parameters for laser treatment was shown in table 2.It was concluded that after LSP treatment microstructure was fine and more uniform rather than parent material surface. At different wavelength, different impact on material properties was observed, there was fine structure and lower roughness surface formed with the laser of 1064nm wavelength rather than laser of 532nm wavelength but there was unwanted phases induced during the treatment with laser of 1064nm wavelength which induced crack formation. With an increment in pulse energy and no. of pulse, the pores start to generate and create a coral like structure in microstructure obtained at 532nm wavelength and fine structure was obtained for pulse energy10mJ in microstructure formed at 1064nm wavelength by further increasing the pulse energy above 200mJ melting of surface starts. At end it was stated that picoseconds LSP was improved the micro-hardness of nimonic263. [20] found out the practical application of laser peening on turbine blades. Due to increase in trend of higher efficiencies, there is an increase in working temperature and size of turbine due which the chance of fatigue failure of turbine blades also rises. It was investigated the advantages of laser surface peening on shot peening on behalf of fatigue test and x-ray diffraction test conducted on the titanium 6/4 alloy and stainless steel 420. Two sets of each specimen of dimensions (50mm x 50mm x 6mm) were treat with Nd: YAG "Q" switched type laser of 2.5 J flash lamp with 125 micrometer insulated black tape pasted on specimen and another ablative coating of water was used on insulated tape. Various process parameters of shot peening and laser peening are show in table 7 & 8. It was conclude that laser peening was better than shot peening and increases the material life by increasing the fatigue strength as shown in fig.8 and induced deeper residual stress as shown in fig. 9 (a) & (b). Chang YE et al [21] studied over the warm laser surface peening which were the extension of the laser peening and another method of increasing the fatigue life. During the warm laser surface peening dynamic precipitation and strain, aging was perform on sample of AISI4140 of dimension 76mm x10mm x 2.78mm and tempering was done. With the WLSP glass, BK7 was use as confining media due to its high melting point and high shock impedance instead of water. Thin aluminum oil was use as the ablative coating. Chang ye et al compare the WLSP and LSP process by conducting micro-hardness test, fatigue strength test and XRD test for check induced residual stresses. It was concluded that there was no major difference seen in XRD test which depicts that the depth in which stresses penetrates were independent of temperatures and micro-hardness was more at each point in WLSP but Fatigue life was improved by WLSP for the high cycle regime than low cycle regime. The stress cycle curve for bending stress was performed on the machine of 100KN fatigue testing machine and result was shown in fig. 10 Fig.10 S-N Curve for the AISI 4140 sample [21] Another great work was done by Omar Hatamleh et al [22] in increasing the fatigue life of the aluminum 7075-T7351 friction stir welded sample. The fatigue life of laser peened sample was compare with the shot peened sample. The specimen of 122cm x 40cm x 0.635cm was welded with friction stir welding. Five different samples were selected which were treated with -no peening, shot peening process, base, single layer laser peening and tripled layer peening. It was concluded that fatigue life of FSW specimens was improve by treating with 3 layers LSP process rather than non-treated and SP treatment. John J. Ruschau et al [23] investigated the fatigue crack growth rate of the laser peened Ti6/4 and the unprocessed specimens. The typical blade material sample of Ti6/4 of diameter 44.5 mm was annealed by the argon gas quenching. Fractographic investigations was done to calculate the difference in the crack growth rate behavior due to LSP and it was observed that the fatigue failure of the unprocessed sample is similar to other metals in which crack initiation is started at the notch tip which is machined and turn to failure under continuous fatigue load. Fig.12 Comparison of baseline and LSP crack length versus cycles behavior [23] Fig.12 depicts that the crack growth was monotonically increased function, means that the stress intensity factor which was applied, was in raising crack length for a granted load, even if thickness of the specimen increases with crack length. In contrary to this fatigue crack growth behavior of the sample shows that crack began under similar loading conditions increase for small distance then arrested. This phenomenon was repeated again and again, that was reinitiated crack and then arrested. This can show through the A versus cycles diagram fig.13 . It was concluded that LSP has a remarkable fatigue improvement due to compressive residual stress retained in the depth of the material. Chang Ye et al [24] changes the previous scenario of performing the LSP at the room temperature by taking inspiration from the WLSP performed on the aluminum alloys, which improves the fatigue life and compressive residual stress stability, and thinks to perform the laser dynamic peening on the metallic materials and hence, chose the copper as investigating sample. Along with experimental setup, FEM was also performed to forecast the distortion nature. The FEM was used to study the effect of heat on the plastic distortion behavior during the LSP, for example plastic affected spot, energy absorption and stress & strain distribution. LSP performed at the different elevated temperatures by using Q-switched Nd: YAG laser with 1064mm wavelength and pulse width of 5ns. An OFHC copper plate of dimensions of 4mm x10mm x20mm, BK7 glass and aluminum foil used as ablative and confining media.LSP done on three different temperatures 300K, 440K and 500K for investigation. [24] It was concluded that the deformation of the surface increases with the increment in the laser intensity and temperature. The amount of the residual stresses increases with the decrease in the temperature and increase in the laser intensities. The equivalent plastic deformation with temperature and laser intensity and the plastic deformation penetrate much deeper into the materials at higher temperatures. Also, the depth of residual stress distribution increase with the enhancing laser intensity and temperature as shown in Fig.14 . Yasuo Ochi et al [25] considered the effect of LSP treatment without coating on rolled aluminum alloy A7050-T7451,which was treated with Q switched Nd:YAG laser of half wavelength produced by second harmonic generator, laser impacted on surface with spot size of 1.2mm diameter, pulse energy of 100mJ and pulse number density of 18pulse
. mm -2 . Axial fatigue tests with ratio -1 and 0.1 were performed and it was concluded that laser peening treatment without coating increase the surface hardness and surface roughness. It also enhance the fatigue [26] investigated over the steel 304 by treated it with LSP process at cryogenic temperatures and normal. Surelite III Q-switched Nd-YAG Laser of wavelength of 1064nm and with a pulse width of 5ns was used on 3 mm thick sample of steel. The size of the laser beam was 1 mm and 4, 6, 8, 10, 12GW/cm 2 as laser intensities were used. Aluminum foil of thickness 30micrometeres was use as ablative coating and BK7 glass used as confining media. During the Cryogenic LSP the sample fixture was submerged in the liquid nitrogen for about 10 minutes. The author had conducted the micro hardness test and concluded that CLSP had highest hardness among the 3 samples, which is because CLSP generates a higher volume of fraction of marten site than the room temperature LSP as show in fig. 15 . Fig.15 Surface hardness after RT-LSP and CLSP at same Laser intensity [26] 3 point bending test is also conducted and reports a remarkable improvement of samples, which are CLSP and RT-LSP than the non treated sample. The fatigue strength increases from 950MPa for the non-treated to 1050MPa for the RT-LSP. Similarly increase of strength from 1050MPa to 1100MPa for CLSP for 1 million cycles respectively shown in fig. 16 . This is probably due to increase in the chemical driving force and an increase in the density of potential embryos at the cryogenic temperature for the marten-site nucleation"s which results in higher compressive residual stresses. Laser peening is process which improves the life cycle of material as survey from the literature. It is clear that residual stresses are induce in material surface during LSP treatment, which enhanced the microhardness of material surface and produced compressive residual stresses, which increase the fatigue strength as investigated in different experiment. It is concluded that laser peening process is better than shot peening process and upgrade the material properties and increase its life cycle.
